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MONOSACCHARIDE CONTAINING WOUND HEALING PREPARATION 
processes. ° f mQnosa ^aride S . especially fructose, to beneficiate 
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damaged skin. The monosaccharide fructose has proven to be most useful and successful in this regard. 

Various monosaccharides have previously been known to be used for therapeutic purposes. For example, it 
is knownto administer fructose intravenously to inhibit erythrocyte fragility during surgical extracorporeal 
svy 0Cedures (U s pa , No 4i44Si771) Sorbose is ^so known (U.S. Pat. No. 4.390,623) to be used as 
|tituted to inhibit acid formation by bacteria In the mouth, but it does not Itself have an effect on 
Svth. Oral administration of pure fructose is also known to control human stress response (US. 
64,250). Bacteriostatic effects have also been attributed to Irradiated glucose and fructose, but this 
e apparent result of the peroxide compounds produced by the irradiation (Namike et al. Agr. 
Biol ! Chem.37 [5): 989-998, 1973). The latter reference, intact, shows normal bacterial growth in the presence 
of glucoseiand fructose. Various natural substances, such as honey or sugar (i.e., sucrose) have also been 
traditionally used as a type of folk-medicine for preventing infection. Thus, there has been no previous 
indication that monosaccharides would have any antibacterial effect either alone or in combination with other 
products for a topical wound healing preparation, and in fact, the monosaccharides show a more marked 
protective effect than disaccharides such as sucrose and lactose. As employed herein, the term wound is 
intended to apply to any skin or connective tissue trauma, such as thermal burns, pressure ulcers, Ischemic 
ulcers, chemical and radiation bums, abcesses, fistulae. bone defects, malunlon of fractures, vasculitis, 
tropical parasitic ulcers, leprosy ulcers, and acne or psoriasis lesions. 

The present Invention relates to a composition comprising an effective amount of at least one 
pharmaceuticaJly acceptable monosaccharide containing from about 3 to 7 carbon atoms and a 
pharmaceutical^ acceptable film forming agent. In its preferred embodiment, the present invention relates to a 
composition comprising an effective amount of fructose and a starch hydrolysate. and preferably to a 
composition comprising fructose and a starch hydrolysate having a dextrose equivalent of between 13 and 17. 
These compositions are useful both in the treatment and healing of wounds, as well as for use as carriers for 
other dermatotogical treatment agents to be used in salve form. 

The present invention also relates to the use of monosaccharides, particularly fructose, to control microbial 
growth tn a mammalian wound. 

As used in the present specification and claims, the phrase -controlling microbial growth', refers to the 
ability of the monosaccharide to either prevent microbial growth on an as yet uninfected wound, to prevent 
further growth in an already infected wound or to actually kOI the microbes present in a wound. "Microbial - 
refers to bacterial or fungal infection. 

The monosaccharides as described herein provide an unexpectedly beneficial effect when used as an 
addition to traditional wound healing compositions, as wen as being useful alone as an antibacterial 
pretreatment for wounds. Particularly good effects have been observed whan a monosaccharide Is added in a 
therapeutically effective amount to various film forming agents which are routinely used as protective 
coverings for various types of wounds, especially burns. These agents In themselves form a simultaneous 
barrier to both water and microbes, and as used herein, comprise various types of dry (non-gel films, as well as 
biological gels (gelatin and gelatin/pectm materials), synthetic hydrogels, ionic gels and adhesives. Although 
monosaccharides may be effectively combined and used with any of the above materials, unusually favorable 
results are achieved by combining a monosaccharide, especially fructose, with a film-forming starch 
hydrolysate. 

The therapeutic use of starch hydrotysate has been described in depth in US. Patent Nos. 3,812£52 and 
4,414,202, the teachings of which are incorporated herein by reference. In brief, this material itself has been 
shown to be an exceptionally effective treatment for bums, uicers, lesions, etc. The starch hydrolysate forms a 
film which ultimately adheres to underlying tissue and which is semipermeable to gas and fluid. It thus provides 
a covering which reduces plasma and fluid loss, while also preventing Invasion by pathogenic microbes. The 
effects observed with use of starch hydrolysate are far superior to results seen with use of traditional wound 
coverings. When used In combination with a monosaccharide the effects on wound healing are tremendously 
enhanced, producing results which heretofore have not even been possible with the use of starch hydrolysate 
alone. 

For example, application of a mixture of a starch hydrolysate with a monosaccharide, particularly glucose or 
fructose, has a remarkable effect on the process of revascularization of the wound. Within 15 minutes - 6 hours 
of such application, the treatment wound takes an intensely bright red color, visual evidence of the fact that 
new blood vessels are being formed in the region, and that normal circulation is returning to the site. Although 
it is part of the normal healing process that revascularization will eventually occur, the speed with which new 
blood vessels return to the damaged tissue when treated with starch hydrolysate and fructose is unexpectedly 
fasterthan that observed with starch hydrotysate alone. The presence of the added monosaccharide thus has 
a synergistic effect when combined with the starch hydrolysate, the end results being unattainable with either 
of the two substances used alone. 

Similar surprising effects are seen in the development of granulation tissue. As noted above, the noticeable 
appearance of healthy granulation tissue signifies the start of the process of healing, to a large extent by virtue 
of a reconstruction of the connective tissue in the injured region by the numerous fibroblasts associated with 
granulation tissue. The use of starch hydrolysate alone does, to some degree, have a beneficial effect on 
promoting formation of granulation tissue; such tissue, whsre starch hydrolysate alone is used, has a relatively 
smooth appearance. On the other hand, when starch hydrolysate is used in combination with a 
monosaccharide, the granulation tissue takes on a significantly different appearance, being very intensely 
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m a wound of any substantial size a ,, f ? enhancin 9 *• wound closing process, so that 

shown to have a dmmattSctS tto™°.« ^T***?* rcqUired ^ hydroiysate ato^ beS 
However, when combined ^"SiSST «! ^ red ^^nec4ltyf OT8 kin^S 
» truly outstanding, with m"^^^ r8Sp8Ct t0 " 0und a»™2 

«w has previously been taj, ft TbTpoiS Th th Um ^ ,e,atiV ^ Shorter P eriod * *» 
particularly in the stimulation of epfdeS miio? s 2 Jl£ monosaccharide shows itself 

^Se^ast^ in conjunction with the starch 

bacterial faction In a wound, wheS 
completely Inhibit microbial growth «thnf ^ 

5 in far less time than Is normal with som^ tr^ n ^T SWhBreinbacteria)anc| y east Growth is stopped 
under controlled cendKSX !m£ 'SZZ""' T"* «* has *» **" JSCS 
*^^h«nWI^^7cS?i particularly desirabie because 

opportunistic yeast infections 'which may ZTs^^^^i^^ 6 ^^^ 
some extent, microbicidal. For exampl n^ bS^^l 0 ^ mi ^bIostatic. but also, to 

0 amount of fructose has been shewn to caSSe disruSn SZ^JS** h W0Unds t0 

above, the appneation may be made to awoSSlh wWeh S£E?„?.^? T* 8 ' 3 °' baoterial cel,s - ^ noted 
skin which may be prone to developing Eton toWeCt,0naJr8 ^ exi ^' 85 to an injured area of 

> or asapostreatmenttherapy whan other ISS^^S^^^V^ e,C ' 

■ray be accomplished In a number of ways. For Melo? n SEE *? d f"! d resulte - ™« treatment 
damaged tissue may be immersed in a bath comnnS ™ JrTT 6 * ° f - a bum paUent " thB «» «* 
time sufficient to inhibit potential bacterid g™Th ^^ 0 ^^ontairanfl solution, for a period of 

wo^rsr^ 

therefore have atendency to dra* ^ S E SS. 9 ? 1 " T** M on thB ^""^ «» *" 
is magnified lnapat J entw«h.forexam P rei^ 
limit the concentration of monosaccharide, ^to ke^ 

high fructose com syrup as the immerclon medium far * P9 "°^ M For example - ^ «*B 

ready avaiiabllfly of products,, because of the" 

the concentration of monosaccharide in the sunm i= ^ k 66 no """^ than about 1 or 2 hours, since 

hours is the maximum period recanmende?^^ ^S^S^^ ' W0Und - 1 " 2 

day for a period of up to 24 hours may be permitted. sma «er wound, upto6hours. several times a 

It is also possible to use the monosaccharides in drv oowder fa™ h™^. « 
powder may be simply sprinkled onto the wound and left toS^JEZ* ^ ° r bum " 1,18 
wound. For example, with a smaller wound, the Solder L Et *" h tte size <* ths 

application possible being repeated 4-6 times vmXt^T^L P ° d 0f up to 24 hounj ' with 
should generally not be prolonged taJSTzTSJ. P * 80 9Xtensive wound ,he Wteation 

Preferred concentraton * between about ^ab^^ 
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dry form may be mixed with any pharmaceutioafly acceptable liquid vehicle suitable for the tooteal treatment of 

^tSZSSZTT n ST mtsr > balanced saft S0lu ^ "SS *2£? mgJl 

SS^ISSS^^T nTc o'f ' 0n ! Which haVB ,hemsetves been shown to have a beneficial 
S^JSSlSSrt 5^7 ^ ^Tct 0 - 4 ' 414,202) - 71,8 «* of ,n6 solu,ion *«* ^ maintained 
^TL 1 " 4: preferably about ^ A»«™My. the solution used may be any of the currently 
avaHabla high fructose com syrups, either diluted or undiluted. For use in dry form, the ma£uo*StoS 
™r ^ Ca ^ PUr !. FK>Wder - Partlcular| y usefu! is Wgh fructose com ^TSSfiS a™ 
fructose, the remainder being sugars of higher molecular weight 3 a ° 

The fflmjorming composition of the present invention comprises an effective amount of at least one 
Pharmaceutical^ acceptable monosaccharide containing from about 3 to 7 Carbon atom! ! 
pharmaceutically acceptable filnvforming agent " * "* a 

nh^ 0 «S emb ° d r!? t ' th I P harmacauti « J, y acceptable monosaccharide of the present invention is a 
nh™*^ acceptable aldose sugar or a pharmaceutically acceptable ketosTsugar . Wg the 
SS^SS'SS'J^!^ *» <* *• P«~a»t inventiWe^roTe 

fS^ 36 ' xylose Jyxose. allose. altrose, glucose, marmose. gulose, idose. galactose and 

aL™?„h ^T/n7 ,h «*f ? e ' ribul05e ' xylulose - P slcose - frucJose - so****, tegatose, and sedoheptu- 

SflSSSrth^^ emptoyed 88 the monosacchflrid e component of the contortion 

m^f™^^ 0w 7 B i?* k8tose sugars 8,8 most Particularly preferred, and of these, fructose is the 
SsKZTm. 8 ? M T ln ,ha J"" 00 * 10 " of tne P~» Mention, since the proportions 
ZJ^ d a " 0Cl m smaHerwhBn ^tose is used. The monosaccharide is preferably 
mo„n^hT ri n Unt * b r Sen Bb0Ut -° 1 *° ab0u ' ^ by we '9 ht <* •» composition. Most preferably. 2 
Tta^2S£ £T an t am0unt of between 8bout S to about 30% of the weight of the compost Ion. 
The monosaccharide component may also be a mixture of two or more monosaccharides. For example ntah 
fructose corn syrups are available In powder form; these generally contain about a 95% comWnation of 

hydrolysate. preferably in an amount of up to about 30%. In ileu of addition of a 



Tn an^iTnV^^Z'i "' T "H lo « aoamon ot a single monosaccharide. 

In another preferred embodiment of this invention the pharmaceutically acceptable flSn-formina aaente 
mCude but are not iimtted to. any of starch hydrolysate polyvinyl nrtL^^S^^S^ 
glycol, albumin, cellulose, gelatin, solublflzed keratin, hydrocolloids such as t^.^SamSS 
P^erX 8 "* 1, "* ,0CUSt ^ 3Um - ° f 1,1858 film - forrnin9 agen *- ^^Se^oS 

m „^!^™l d A ,he f 5 6 ,bat 8tarch "ydrCysate is a generic term of a mixture of carbohydrates 
most wmmonly classified according to Its dextrose equhvalent. The starch hydrolysate of the present 
Z^^JI^ has 3 deXtTOSe 8 « uivai8nt of 00 more out P f eferabry rw moVe toan «S 

LSrefSs^^^ 

3 n^^l ,h^T ^ Tt^^i 3 dextrose equiva!8m in thB of ■■'""•n about 10 and 20. 
bS^nM'^JT^^^f, present invention has 8 d8Xtrose B( ' ulv a ,ent *> ,he «nge of 
eau^ZttTJ^ll ; T f 6d *• 8rt ^ ^ sterch "yoVolysates having a dextrose 
equivalent mj this latter most preferred range are more specfficalry maltodextrins. It will also be understood that 

SZ 09 ^^ mo ^ puHfied and started - A ^ of known v wSESSSI 

filtration or irradiatJon may be used for the sterilization, although for the monosaccharide, irradiation is no 
particular^ recommended because of the possible effect on the molecular structure 

The action of the turn-forming agent combined with monosaccharide may be further enhanced bv the 
SEX? Tf ^""Vl 0 ^ H**"* The optional components ££, EEZSmZ 
more than 5% of the total weight of the composition 

In another preferred embodiment, a principal additional component of the composition of the present 
invention is one which includes ascorbic acid or a pharmaceutically acceptable salt thVreof Tho« «K?n 
the art are aware that ascorbic acid or a pharmaceutically acceptable salt thereof oromoteVme fomattlr 
growth of healthy granulation tissue. Arnong the #m!Zi£^ 

1 T L n " on ^ sodlum ascort)8te ' SESTl 

SKS? ^ *" aS0 °. rt " C ■* ,s most preferT8d ' When ""Pteywt the ascX component s 

rpSrjr^^t^^ 

magnesium, SQ! ^ )Snver ^ ga ^ 

salts in he composition of the present Invention officiates the process of lis healing. AfnoS flSSSKS 
salts, a ferrousdron H) containing salt is most preferred. For example the MUO^on^t^ZS^ 
ferrous chloride or ferrous gluconate is preferred. Of thes^ 
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It is emphasized that mora than one of these salts may be Included In tha composition of the present Invention. 

!£«f • °S ®?L may b8 U3ed "* h °" e or more of abwe recited class of metal salts. Of these, ferrous 
sulfate ^ particular* preferred. Among the other salts contemplated for use here are calcium ascorbate, 
calcium chloride, calcium locate, calcium permanganate, calcium phosphate (mono-, cfi. and tribasic). calcium 
5 gluconate, zinc acetate, zinc carbonate, zinc chloride, zinc citrate, zinc iodate, zinc oxide, zinc permanganate, 
arte peroxide, anc salicylate, zinc stearate, zinc sulfate, magnesium chloride, magnesium citrate, magnesium 
chloride, magnesium sulfate, manganese chloride and copper sulfate. Preferred silver salts are silver nitrate 
silver crtrate, silver iodide and silver lactate. Iodine, in elemental form, and comptexed with starch hydrolysate 
through heating and as iodine tincture, iodine salts, such as lugol solution, may also be added. Sodium and 

10 potassium iodide, sodium potassium Iodate. calcium iodate and calcium Iodide are particularly preferred. 
Dilute PVP-fodine solutions in water, normal saline on balanced salts solution may also be effectively employed 
in conjunction with the present treatment. 
A further additional ingredient may be one or more of the adenosine phosphates, i.e., ATP, ADP or AMP. 
In still yet another preferred embodiment of the composition of the present invention the composition 

15 includes a compound selected from the group consisting of alpha-ketoglutaric acid and pharrnaceutteaBy 
acceptable salts of alphaketogjutaric acid. Alpha-ketoglutaric acid and its salts accelerate collagen formation 
thus Increasing the rate of healing of the wound to which the composition of the present Invention is applied. 
This component is generally present in an amount of no more than 1-2%. 
Finally, yet another component may be included in the composition of the present invention. This 

20 component is one or more amino acids which also improve healing. In a preferred embodiment one or more, 
up to all. of the following ammo acids may be providacHn the composition of the present invention: isoleucine. 
leucine, lysine, methionine, phenylalanine, threonine, tryptophane, valine, tyrosine, alanine, arginine, glycine; 
proline, histidine. serine, asparaglna, aspartic acid, cysteine, cystine, glutamlne and glutamic acid. Of thBse. 
glycine, proline and lysine are particularly preferred. 

25 It will be understood that, as used herein, the term 'amino acid' refers to both the pure form and the 
hydrochloric acid salts of the amino acids. Thus, In preferred embodiments of the present invention wherein 
amino acid is employed, one, two or all three of the above preferred amino acids are included In the 
composition of this inventioa In general, the amount of amino acid in the composition should not exceed 1 Vo. 
in a particularly preferred embodiment, the composition of the instant Invention includes starch hydrolysate 

30 and a monosaccharide selected from the group consisting of d-fructose. d-glucose, and d-sorbose. More 
preferably, the composition of the presort invention comprises a starch hydrolysate having a dextrose 
equivalent of not more than 40, and d-tructose. Preferably, the fructose comprises up to about 30% of the total 
weight of the composition. 
In other preferred embodiments, the composition comprising d-fructose and a starch hydrolysate having a 

35 dextrose equivalent of no more than 40 is supplemented with one or more of the following additives: an amino 
acid which Is preferably one or more of the amino acids recited above; alpha-kBtoglutaric acid or a 
pharmaceutJcaliy acceptable salt thereof; a feiTous salt, preferably ferrous sulfate; another pharmaceutJcally 
acceptable salt of a metal selected from the group consisting of calcium, zinc, manganese, magnesium, 
copper, selenium and silver. 

40 In a particularly preferred embodiment of the present Invention all of the above components are included In 
the composition. That is, a particularly preferred embodiment of the present invention is provided In a 
composition incorporating a principal amount of starch hydrolysate. having a dextrose equivalent between 13 
and 17; d-fructose, present in a concentration of from 5 to 30 percent: ascorbic acid, present in the 
concentration of 1 to 5 percent; ferrous sulfate, present in a concentration of 0.1 to 1 percent; a zinc salt, 

45 present in a concentration of up to 1 percent; eiphaketoglutarate present in a concentration of about 1-2% and 
at least one amino acid present in a concentration of 0.1 to 1 percent, all said percentages being by weight, 
based on the total weight of the composition. 

In a wound which is onty moderately Infected or not yet Infected, the inclusion of the monosaccharide is 
sufficient to control Infection to acceptable levels. In the cases of particularly heavy infections, however, it may 

50 be desirable to also include, in small amounts one of the known antibiotics or antifungal agents commonly 
used in wound treatment. Among the useful antibiotics are strertomycin, penicillin, tetracycline, silver 
sulfadiazine, sulfanilamide, methylated sulfanilamide (sutfamylonR), cephalosporins, and amino-glycosides. 
Useful antifungal agents are nystatin, mycosteunR. or gramicidin, it must be noted that only small amounts of 
the antibiotic need be added. 

55 The compositions of the present invention may be effectively employed in a regular program of wound 
treatment For example, in the preferred method of wound treatment, a starch hydrolysate monosaccharide 
powder preparation is applied directly to the wound once or twice a day. Typically, the wound Is first surgically 
debrided to remove all necrotic tissue. It is also possible to use water pulsating instruments to facilitate 
debridement; enzymatic debridement may prove useful as well, employing proteolytic enzymes such as 

B0 TravaseR, BiozymeR, collagenase or elase. 

In accordance with the teachings of OS. Patent No. 4,414,202, the wound is preferably irrigated, prior to 
application of the film forming composition, with a buffered salt solution having a pH between 6-7.8. It has also 
been found that irrigation and/or soaking the wound with dilute (0.05-1%) PVP-iodtne solutions for 5 to 30 
minutes before the addition of the composition aids in enhancing the effect of the dry material on wound 

65 healing. The wound is then covered with the starch hydrolysate/monosaccharlde composition in an amount 
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sufficient to allow formation of a film over the wound Th« „_ * L 

copper 

potassium, sodium, or calcium kidkto ^SSS^"J2f!^.J!ri^??^^ f?^ 1 "* tod! "e salts, such as 



potassium, sodium, or* 
alone or in combination 



» a « a, D . m ,«U5 onionoe or terrous gluconate. Also useful are iodine salts such s« 

aool^on Im^^h^. J^T f fifT* rnicrobta ' infection, the material should be sterilized prior to 
SSnnotSme^dS^ "* 'E*?* nsMctBd ' » 15 ~— 

of thTmon™^^ ^? Bft « 0f l u 9 posslble effect of radlatfon on *• molecular structure 

£SS o^SnSS S ° IUt,0n - Dfy h9at Sterifeafon has P™"" P^ 1 ^ for t£ 

^process of the present invention will be better understood by references to the following non-limiting 
Example 1 

I. M-loO 95g 
fructose 5g 
H.M-16070g 
fructose 30g 

lll.M-150 88g 



ascorbic acid 2g 

IV. M-15072g 
fructose 15g 
sodium ascorbate3g 

V. M-15061g 
fructose 16g . 
ascorbic acid 3g 
amino acids 

^r^r equa,proporflons)19 

fructose 20g 
potassium ascorbate 2g 
glycine ,33g 
lysine 33g 
proline .34g 

VllM-15O80g 
fructose 18g 



(20 amino acids in equal proportions) .9g 
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Example 2 

J^J^^ Whl ! e female ^ affected ^ Prosresshre brain syndrome, Alzheimer's disease 
malnutrition, cachexia and a non-healing decubitus ulcer of the left ischiatic reqion The utaw measured at 

Cultures taken from the wound indicated the presence of the following bacteria: Proteus mirabL Escherichfa 

coli, Staphylococcus aureus, and Pseudomonas aeruginosa . 

Tiij".^. »° TOU ^ debndement °' tissue was carried out, followed by intensive Irrigation with 

TIS-U-SOL". a balanced salts solution. The ulcerated area was then filled with M-150 a D-oTucose 
SKS^ 8 * 1M7 ' ^TmeTtlSr coSS 

25 I 9 ^l* 6 Sa " solution ' and °f ^e starch hydrolysate. The ulcer was covered 

decreased in see, but healing was progressing very slowly. 

m ^ u I^,f^^ e , nt T h the same *as"ton, but instead of the starch hydrolysate alone, a 

^ hydrolysate and fructose, In a ratio of 8030. was used. An immediate clinical response was 
manifested by more highly vascularized granulation tissue formation, a faster filling In of the crater, a rapid 
decrease in the surface area of the ulcer, and a faster growth of the*pithelrum. Further the exudate normally 
present in the ulcer decreased significantly, and the presence of a more sturdy, better organized, more 
clinging film over the granulation tissue was noticed. Multiple strands of this film could be seen clinging to and 
binding several areas of the ulcer granulation tissue platform. By the end of 3 weeks (a total of six weeks) the 
ischiatic ulcer was completely healed. 

. A ^-yaar-otd woman afflicted with multiple sclerosis of 12 years duration was completely paralyzed, and 
regwreT 36V8r8 ' deep lnfected ^ w Pressure ulcers of both hips, the sacral area, and both ischiatic 
She was admitted to the wound healing unit and underwent the following treatment; twice dally irrigation 
with a balanced, buffered salt solution, and sprinkling of M-150 starch hydrolysate powder. Healing and 
infection control began on the first day of treatment; by the end of the third week, the ulcerated areas had 
healed about 20% of the initial size. At that point, the lesions on the right side were treated with a mixture of 
starch hydrolysate (73 parts), fructose (24 parts), ascorbic acid (2 parts) and e mixture of 20 amino acids in 
equal proportions (1 part). The left side lesions received the same treatment as before, and acted as controls. 
By the end of 8 weeks, the ulcers treated with the complex formulation were 90% healed, whereas the control 
areas were only 35% healed. 

EXAMPLE 3 

The following example demonstrates one of the antibacterial effects of monosaccharide sugars in vitro. 

Tissue samples of infected lesions were excised by dermal punch from the center of each wound; each 
sample had an average weight of about 0.7g. Tissue samples were dipped in 85% ethanol and flamed dry to 
remove surface contamination: the tissue Was then ground on a sterile mortar and pestle, with 1.0ml of saline 
until flnaiy macerated. Serial ten-fold dilutions were performed in saline and smaples plated by pour plate 
technique. Quantitation was then performed at 24 hours for facultative anaerobic bacteria and 48 hours for 
anaerobicalty Incubated plates, and results recorded as microorganisms per gram of tissue. Following 
identification and quantification, an microorganisms were transferred to ETHA slants (ETHA was prepared by 
addition of 15% agar (DIFCO Labs) to enriched Todd-Hewitt broth. (ETHB) contained Toad-Hewitt Broth 
(Baltimore Biological Laboratories). 0.5% yeast extract (BBL),0.05% hemfn (Eastman Kodak Co.) and 0.005% 
menadione (Sigma Chemical Co.). All microorganisms were grown for 24 hours in ETHB before inoculation to 
sugars. 

The following sugars were used for comparative testing of their bacteriostatic effects: glucose, and 
fructose, (monosaccharides) and sucrose and lactose (disaccharides). Each sugar solution is prepared in 
10ml tubes of ETHB to concentrations of 10, 20, 30, 50 or 70% (W/V) and then autoclaved. The pH was 
adjusted to about 7.4. A 0.1ml inoculation containing approximately 1 X 10 s organisms was then placed on all 
tubes, giving a final concentration of 1 X 10" organism/ml. Tubes were Incubated aeroblcalty for falcuftatives 
and anaerobically in Gas Pak Jars (BBL) for obligate anaerobes. It designated time periods, tubes were 
removed from Incubation and optical density measured on a Column Hitachi 124 

Results for two trials are shown in Tables 1 and 2. Observation of these test results show that, overall, the 
monosaccharides have an unexpectedly much more potent effect on the prevention of bacterial growth than 
do the disaccharides. requmng a much lower percentage of sugar to achieve bacteriostasis. 
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Table 1. Percent sugar necessary 1 to reduce growth 
of bacteria by 50% after 24 h of incubation 2 



Microorganism 


Glucose 


Sucrose 


Fructose 


Lactose 


Enterococcus 


21.5 


29 


11.5 


N.D. 3 


Staphylococcus 


13.6 


26 


8.3 


15.6 


aureus 










Proteus mirabilis 


13.6 


18.6 


9.3 


14.3 


Peptostreptococcus 


11 


28 


6 


8.3 



1 Values are the average of results obtained from at least two 
clinical ioslates of each microorganism. 
Bacteria were incubated under appropriate conditions as 
described in Material and Methods. 
N:D. ■ not done 



Table 2. Percent sugar necessary 1 to reduce growth 
of bacteria by S0% after 24 h of incubation 2 



Microorganism 


Glucose 


Sucrose 


Fructose 


Lactose 


Enterococcus 


28.3 


64 


21.2 


N.D. 3 


Staphyl ococcus 


20 


74.3 


19.6 


47 


aureus 










Proteus mirabilis 


28.3 


46 


34.3 


40 


Peptostreptococcus 


80 


62 


33.3 


26.3 



I Values are the average results obtained from at least two 
^clinical isolates of each microorganism. 

Bacteria were incubated under appropriate conditions as 
^described in Materials and Methods. 

N.D. = not done 
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The following Example shows the effective treatment of wounds using a monosaccharide containing 
pretreatment solution: 

A The subject was a 90 year old woman affected with progressive organic brain disease, paralysis, 
contractures of the upper and lower extremities and a large, deep pressure ulcer (bed sore) on the right 
trochanteric area measuring 12cms X 8cms X 2cms. Her pressure ulcer was fitted with large amounts of 
necrotic tissue and abundant purulent, foul smelling exudate. X-rays of" the hip showed the presence of a 
metallic hip replacement prosthesis and osteomyelitis of the femoral bone. 

The pressure ulcer was treated twice daily with irrigation with balanced sails solution and sprinkled with a 
starch hydrolysate powder with a Dextrose Equivalent (D.E.) of 17. The ulcer was debrided of necrotic tissue 
daily as needed Even though the attendant foul odor decreased with the use of the starch hydrolysate alone, 
the production of purulent exudate continued as the patient developed fevers of 102-103°F. The femoral head 
prosthesis was removed surgically and the remaining cavity was thoroughly irrigated with the balanced salts 
solution. Portions of the femur and acetabulum were curetted. 

The remaining wound was then treated twice daily by irrigation with balanced salts solution and sprinkled 
with chemically pure fructose powder (Pfanstfehl Laboratories, Muscatine. The remaining infection 
subsided almost completely. The foul odor characteristic of this infection subsided within 24-28 hours and 
healthy, highly viscularized granulation tissue began to fill the wound cavity. The epidermis as well began to 
grow In a centripetal manner. By the end of the 4th post-operative week the original ulcer site had healed 80% 
and the patient was discharged to an extended care facility. 

B. A 72 year-old female suffered a subdural hematoma on the left occipital region; following a craniotomy, 
the subdural hematoma was removed During the recovery period throughout which she was laid on her back, 
without being turned for several days, she developed a deep, severely infected, foul-smefllng sacral pressure 
ulcer, State IV, which extended down to the sacral bone. She was treated initially with povidone-iodine soaks 
which only had the effect of causing deterioration and enlargement of the ulcer. 

At this point, treatment was Initiated with a high fructose com syrup powder (DE 42-55). The powdBr was 
sprinkled on the wound twice daily, following irrigation with abalanced salt solution. The infection came under 
control almost immediately by the second post-treatment day; this was also accompanied by formation of a 
highly vascularized fast growing granulation tissue. 

Once the healing was initiated in this manner, a follow-up treatment was begun, approximately, 2 weeks 
after the HFGS treatment was started. Because the HFCS alone cannot form an adequate film to provide a 
earner over the wound, a mixture of starch hydrolysate powder (DE-13-17) and HFCS powder (70:30) was 
prepared. The healing progressed rapidly until complete closure of the original ulcer was accomplished by the 
end of the 8th week. 



1. A composition comprising at least one pharmaceutically acceptable monosaccharide containing 
from about 3 to 7 carbon atoms and a pharmaceuticaliy acceptable film forming agent. 

2 The composition of Claim 1 wherein said pharmaceutically acceptable film-forming agent Is selected 
from the group consisting of starch hydrolysate having a dextrose equivalent of not more than 85, 
polyvinyl pyrolBdone, polyvinyl alcohol, ethylene glycol, albumin, cellulose, gelatin, solubillzed keratin, 
alginate, karaya gum, gum arabic, gum tragacanth, agar and locust bean gum, and the monosaccharide is 
selected from the group consisting of pharmaceutically acceptable ketose sugars and pharmaceutically 
acceptable aldose sugars. 

3. A composition of Claims 1 or 2 wherein the film-forming agent is a starch hydrolysate having a 
dextrose equivalent of between about 5 and 40. 

4. The composition of Claims 1-3 wherein said dextrose equivalent of said starch hydrolysate is in the 
range of between about 10 and 20, preferably, between about 13 and 17. 

5. The composition of any one of Claims 1 -4 wherein the monosaccharide is present in an amount from 
between .01 to about 50% by weight of the composition, preferably between about 5 to about 30%. 

6. The composition of any one of Claims 1 -5 wherein the pharmaceuticaliy acceptable sugar Is selected 
from the group consisting of erythross, threose, ribose, arabinose, xylose, lyxose, allose, altrose, 
glucose, mannose, gulose. idose, galactose, tylose. erythrulose, ribulose, xylulose, psicose, fructose, 
sorbose, tagatose, and sedoheptutose. 

7. The composition of any one of Claims 1 -6 wherein the sugar is the D4somer. 

8. The composition of any one of Claims 1 -7 wherein said sugar is fructose, glucose or sorbose. 

9. The composition of any one of Claims 1 -8 wherein the sugar is fructose. 

10. The composition of any one of Claims 1-9 which comprises one or more additional compounds 
selected from the group consisting of ascorbic acid and pharmaceutically acceptable salts thereof, alpha 
ketoglutaric acid and pharmaceutically acceptable salts thereof, an amino acid, a pharmaceutically 
acceptable metal salt, and an Jgjjine co mpound. 

1 1 . The composition of any one of Claims 1- 10 which comprises a ferrous salt 
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1 2 The composition of Claim 10 or 1 1 which comprises fructose in a-concentration of 5 to 3W>. ascorbic 
acid in a concentration of 1 to m. ferrous sulfate in a concentration of .01 -1<W>, zinc salt in a 
compTsfttorT * ' 1 ° /0 ' "* "* U ^"^^ bei " 9 by basBd on thB total wei 9 M of the 

controlling microbial growth in the wound of a mammal. 
14. The use of Claim 13 wherein the monosaccharide is fructose. 
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